Radiofrequency ablation (RFA) is a minimally invasive procedure that has been considered as a relatively safe treatment for patients with small hepatocellular carcinoma (HCC). However, RFA has been shown to be associated with complications including mechanical and thermal damage. A 74-year-old man with hepatitis C virus-associated HCC was admitted to our hospital. Abdominal computed tomography revealed two lobulated-HCC in segments 4 and 5. He had no medical history of hypertension and cardiac disease. During RFA, blood pressure was elevated to 200/140 mmHg. There was no evidence of pulmonary embolism, aortic dissection, or ischemic heart disease. Laboratory findings for catecholamine surge were all within normal limits. After continuous intravenous nitroglycerin and oral beta-blocker treatment, patient's blood pressure gradually decreased and back within the normal range. Hypertensive crisis after RFA treatment for HCC is rare. Most reported cases of hypertensive crisis during RFA were related to adrenal gland injury with a release of catecholamine. In our case, the site of HCC was not close to the adrenal gland, and there was no evidence of catecholamine surge. Herein, we report a very rare case of hypertensive crisis without a surge in adrenal hormones after RFA treatment for HCC. (Korean J Gastroenterol 2017;70:198-201) 
INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant liver tumor, which frequently occurs in the setting of cirrhosis. Surgical resection is the best curative treatment option. 1 Nonetheless, there are several limitations to surgical resection, including tumor location, number, hepatic reserve, and patient performance status. 2 Therefore, alternative therapeutic options, such as percutaneous ethanol injection (PEI), radiofrequency ablation (RFA), and transarterial chemoembolization (TACE) have been proposed and used to treat HCC. 3, 4 RFA is a minimally invasive procedure, which has been considered as a relatively simple and safe modality in treating cirrhotic patients with small unresectable HCC. However, RFA may cause early and late complications related to mechanical and thermal damages.
A B C Fig. 1 . Computed tomography image of 2.2-cm lobulated hepatocelluar carcinoma in S5 (white arrow). Early enhancement on arterial phase (A), wash out pattern on portal phase (B), wash out pattern on delayed phase (C). Fig. 2 . Graph demonstrates the episode of sever hypertension during the RFA procedure (16:40 -RFA started, 18:10 -continuous intravenous nitroglycerin started). SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RFA, radiofrequency ablation; NTG, nitroglycerin.
ture, liver abscess, pleural effusion, pneumothorax, pulmonary embolism, intraperitoneal bleeding, and portal vein thrombosis have been reported. [5] [6] [7] [8] Hypertensive crisis related to unintended adrenal gland injury during RFA of liver tumor has also been reported. 9 We experienced a very rare case of hypertensive crisis after RFA for HCC without evidence of adrenal gland injury and dramatic surge in several adrenal hormones. Herein, we report clinical course and management of this rare case.
CASE REPORT
A 74-year-old man with HCC was referred to our hospital.
Tumors were discovered during a routine follow-up abdomi- To evaluate hypertensive crisis, we checked his chest CT, ECG, cardiac enzyme, echocardiacgraphy, serum metanephrine, serum catecholamine (norpinephrine, epinephrine), 24-hour urinary vanillylmandelic acid (VMA), and 24-hour urinary metanephrine. There was no evidence of pulmonary embolism, aortic dissection, and ischemic heart disease. Laboratory findings for catecholamine surge showed normal range of serum metanephrine (0.29 nmol/L; normal, <0.5 nmol/L), serum norepinephrine (104.4 pg/mL; normal, <600 pg/mL), serum epinephrine (34.9 pg/mL; normal, <900 pg/mL), 24-hour urinary VMA (2.4 mg/day; normal, 2.0-7.0 mg/day), and 24-hour urinary metanephrine (0.4 mg/day; normal, <0.8 mg/day). Abdominopelvic CT was performed one day after RFA and showed completed RFA state on S4 and small residual HCC on the posterior margin of RFA site on S5 (Fig. 3) .
One day after the initial RFA, BP was controlled with a beta blocker, and his vital signs were stable. He was transferred to a general ward. He was then planned for a second RFA to manage any remnant HCCs on S5. Two days after the initial RFA, the second RFA was performed. There was no sign of hypertensive crisis during and after RFA. He was discharged with hypertension medications and was regularly followed-up at the outpatient clinic.
DISCUSSION
Hypertensive crisis is defined as a sudden increase in systolic and diastolic blood pressures associated with potential end-organ damage in the central nervous system, heart, or kidneys. 10 Causes of hypertensive crisis are highly varied.
The most common causes of hypertensive crisis include cerebral infarction, intracranial hemorrhage, pulmonary edema, hypertensive encephalopathy, myocardial infarction, congestive heart failure, aortic dissection, sympathetic crises (pheochromocytoma), eclampsia, and malignant hypertension.
RFA has been reported as a safe procedure, using a high frequency heat that induces electric current to the tissue.
This results in protein denaturation and tissue necrosis.
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Most reported cases of hypertensive crisis during RFA were related to adrenal gland injury. 12, 13 Heating and injury of the adrenal tissue may cause a release of catecholamine into the circulation. Catecholamine surge can lead to tachycardia, arrhythmia, and rapid increases in the afterload.
Hypertensive crisis in hepatic RFA is rare. Onik et al. 9 reported life-threatening hypertensive crisis in two hepatic RFA patients with a massive increase in catecholamine levels (dopamine was 62,920 pg/mL, epinephrine was 22,240 pg/mL, norepinephrine was 4,440 pg/mL). They suggested that ablation of tumors located in the posterior right lobe of the liver can cause unintended injuries to the adrenal gland that can lead to a release of catecholamine and subsequent hemodynamic effects. 14 However, in the present case, we diagnosed the liver tumors as HCCs using the four-phase dynamic CT findings, which
showed to be compatible with a typical HCC of early arterial enhancement followed by a wash-out pattern on the portal and delayed phases. Furthermore, he had HCV-associated cirrhosis and alpha fetoprotein was slightly elevated. Therefore, we did not perform any more studies, such as liver biopsy and dynamic magnetic resonance imaging due to concerns about seeding of tumor along the biopsy tract and high cost.
In the present case, tumor was located on S4 and S5, but not close to the adrenal gland. We measured the serum and 
